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(Blectroencephalography: EEG) , (Magnetoencephalography: MEG) ,
,
. ,
. , $\mathrm{E}\mathrm{E}\mathrm{G}$ . MEG ,
$xy$ , , ,
.
2
$\Omega$ Jp , $N$ :
$J_{p}$ $=$ $\sum_{k-1}^{N}p_{k}\delta(r-r_{k})$ (1)
k 3 , p\sim . \Omega \mbox{\boldmath $\sigma$}0, ,
$\Omega$ – . , $J_{p}$ , Maxwell
$\nabla\cdot B$ $=$ $0$ , (2)
$\nabla \mathrm{x}B$ $=$ $\mu_{0}(J_{p}-\sigma_{0}\nabla V)$. (3)
$V$ , $B$ . (3) $\mathrm{d}\mathrm{i}\mathrm{v}$, rot , (2) , $V,$ $B$
$\sigma_{0}\Delta V$ $=$ $\nabla\cdot J_{p}$ (4)
$-\Delta B$ $=$ $\mu_{0}\nabla \mathrm{x}J_{\mathrm{p}}$ (5)
. $\Omega$ $\partial\Omega$ $V$ $=0$ $\partial\Omega$
$V$ (EEG). , $\Omega$ $\Sigma$ , $\partial\Sigma$ $B$
(MEG). , $V|\partial\Omega,$ $B|\partial\Sigma$ , $r$ , $P$ , $N$
.
3 $\mathrm{E}\mathrm{E}\mathrm{G}$ . MEG
$D$ , $g,$ $f$
$\int\int\int_{D}(g\cdot\Delta f-f\cdot\Delta g)dv=\int\int_{\partial D}(g\mathrm{x}(\nabla \mathrm{x}f)+g(\nabla\cdot f)-f\mathrm{x}(\nabla \mathrm{x}g)-f(\nabla\cdot g))\cdot nds$ , (6)
. , $n$ . , $D,$ $g,$ $f$ , $\Sigma,$ $B$ ,
$f_{x}=(^{\frac{1}{4\pi|r_{0}-r|0}}’)$ , $r’\in \mathrm{R}^{3}/\Sigma$ , (7)
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, (6) , (2), (3)
$\int\int_{\partial\Sigma}(B\mathrm{x}\frac{1}{4\pi|r-r|},+B\partial_{x}\frac{1}{4\pi|r-r|},)\cdot nds$ , (8)
. – , (6) , $f_{x}$ , (5) ,
$[B(r’)]_{x}= \int\int\int_{\Sigma}\frac{[\mu_{0}\nabla \mathrm{x}(J_{p}-\sigma(r)V)]_{x}}{4\pi|r-r|},dv$, (9)
. , $[*]_{x}$ $*$ $x$ . (8), (9) , $r’$ $x$
, \partial \Sigma .
$f_{\mathrm{y}}=( \frac{01}{4\pi|r_{0}-\Gamma|},)$ , $f_{z}=$ , (10)
(6) $[B(r’)]_{y},$ $[B(r’)]_{z}$ , ,
$B(r’)$ $=$ $\frac{1}{4\pi}\int\int_{\partial 2}(-(B\mathrm{x}n)\mathrm{x}\nabla\frac{1}{|r’-\mathrm{r}|}+(B\cdot n)\nabla\frac{1}{|r’-r|})ds$ , (11)
.
$1/(4\pi|r’-r|)$ ,
$B( \mathrm{r}’)=\sum_{n=0}^{\infty}\sum_{m=-n}^{n}\frac{\mu_{0}}{2n+1}M_{nm^{\frac{\mathrm{Y}_{nm}^{*}(\theta’,\phi’)}{r^{m+1}}}}$ , (12)
. $M_{nm}$ , $B$
$M_{nm}$ $=$ $\int\int_{\partial\Sigma}(-(B\mathrm{x}n)\mathrm{x}\nabla(r^{n}\mathrm{Y}_{nm})+(B\cdot n)\nabla(r^{n}\mathrm{Y}_{nm}\rangle)ds,$ (13)
.
$\mathrm{Y}_{nm}(\theta, \phi)=\sqrt{\frac{2n+1}{4\pi}\frac{(n-m)}{(n+m\rangle}!}P_{n}^{m}(\cos\theta)\mathrm{e}^{:m\phi}$ , (14)
, $P_{n}^{m}(\cos\theta)$ Legendre .
, EEG
$B(r’)$ $=$ $\frac{\mu_{0}}{4\pi}\int\int\int_{\Sigma}J_{\mathrm{p}}\mathrm{x}\nabla\frac{1}{|r’-r|}dv-\frac{\mu_{0}\sigma_{0}}{4\pi}\int\int_{\partial\Omega}Vn\mathrm{x}\nabla\frac{1}{|r’-r|}ds$ , (15)
[1] , ,
EEG :
$M_{nm}$ $=$ $\mu 0\sum_{k=1}^{N}p_{k}\mathrm{x}\nabla(r^{n}\mathrm{Y}_{nm})(r_{k})-\mu_{0}\sigma_{0}\int\int_{\partial\Omega}Vn\mathrm{x}\nabla(\mathrm{r}^{n}\mathrm{Y}_{\mathfrak{n}m})ds$. (16)




$=$ $\int\int_{\partial\Sigma}(-(B\mathrm{x}n)\mathrm{x}\nabla(r^{n}\mathrm{Y}_{nm})+(B\cdot n)\nabla(r^{n}\mathrm{Y}_{nm}))ds$ (17)
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. ,
(I) $M_{mm}$ $(m=1,2, \cdots, 2N)$ (18)
(II) $\sum_{n=m}^{\infty}M_{nm}(m=1,2, \cdots, 2N)$ (19)
.
3.1 xy
(18), $n=m$ . ,
$r^{m}P_{m}^{m}(\cos\theta)\mathrm{e}^{1m\phi}=(2m-1)!!(x+iy)^{m}$, (20)
[2] , (17) ,
$\sum_{k=1}^{N}s_{k}^{m}=\alpha_{m}(m\geq 0)$, (21)
[6].
$S_{k}\equiv x_{k}+iy_{k}$ , $S\equiv x+iy$ (22)
. (21) , 3 xy ,
$xy$ /z . - , (21) $\mathrm{E}\bm{\mathrm{E}}\mathrm{G}$ . MEG :
$\alpha_{m}\equiv\sigma_{0}\int\int_{\partial\Omega}Vn\mathrm{x}S^{m}ds+\frac{1}{\mu_{0}}\int\int_{\partial \mathrm{Z}}(-(B\mathrm{x}n)\mathrm{x}S^{m}+(B\cdot n)S^{m})ds$.
(23)
(21) , $p_{k},$ $S_{k}(k=1, \cdots, N)$ , $\alpha_{m}(m=$
$0,1,$ $\cdots,$ $2N-1\rangle$ Hankel –
$[4, 5]$ . $z$ . $N’$





(19) . $\sum_{n=m}^{\infty}r^{n}P_{n}^{m}(\cos\theta)\text{ }r<1\text{ }\mathrm{L}\mathrm{e}\mathrm{g}\mathrm{e}\mathrm{n}\mathrm{d}\mathrm{r}\mathrm{e}$
$\sum_{n=m}^{\infty}r^{n}P_{n}^{m}(\cos\theta)=\frac{(2m)!}{2^{m}m[}=x^{2}+y^{2}+(1-z)^{2^{2m+1}}(x+iy)^{m}\equiv\frac{(2m)}{2^{m}m}!.\frac{R^{m}}{d}$ (24)
.
$d=(-x, -y, -1+z)^{T}$ , $d=|d|$ , $R= \frac{x+iy}{d^{2}}$ (25)
16
. (17) , $\sum_{n=m}^{\infty}$ , (24) ,
$\sum_{k=1}^{N}\frac{|p_{k}\mathrm{x}d_{k}]_{x+iy}}{d_{k}^{3}}R_{k}^{m}$ $=$ $\beta_{m}$ $(m\geq 0)$ , (26)
.
$\beta_{m}$ $=$ $\sigma_{0}\int\int_{\partial\Omega}[Vn\mathrm{x}d]_{x+iy}\frac{R^{m}}{d^{3}}ds+\frac{1}{\mu_{0}}\int\int_{\partial\Sigma}([-(B\mathrm{x}n)\mathrm{x}d]_{x+ly}\frac{R^{m}}{d^{3}}+i(B\cdot n)\frac{R^{m+1}}{d})$d&
(27)
$d_{k}\equiv(0,0,1)^{T}-(x_{k},y_{k}, z_{\mathrm{k}})^{T}$, $d_{k}\equiv|d_{k}|$ ,
$R_{k} \equiv\frac{x_{k}+iy_{k}}{d_{k}^{2}}$ , (28)
. $\langle$ , Legendre
$\beta_{m}$ . , $R_{k}$
[5]. $\mathrm{E}\mathrm{B}\mathrm{G}$ . MEG (27)
, 3 .
4 MEG
, \Omega , MEG . ,
$\Omega$ $r’$ ,
$r’\cdot B(r’)$ $=$ $\sum_{n=0}^{\infty}\sum_{m=-n}^{n}\frac{\mu 0}{2n+1}L_{nm^{\frac{\mathrm{Y}_{nm}^{*}(\theta’,\phi’)}{r^{\prime n+1}}}}$ (29)
$L_{nm}$ $=$ $\sum_{k\approx 1}^{N}p_{k}\cdot(\nabla \mathrm{x}r^{n}\mathrm{Y}_{nm}r)(r_{k})$ (30)
[3].
,
$r’\cdot B(r’)$ $=$ $\frac{1}{4\pi}\int\int_{\partial \mathrm{Z}}(-(B\mathrm{x}n)$ . $( \nabla \mathrm{x}\frac{r}{|r’-r|})+(B\cdot n)(r\cdot(\nabla\frac{1}{|r’-r|})+\frac{1}{|t’-r|}))dS$
(31)
. $\frac{1}{|r’-r|}$ ,
$L_{nm}$ $=$ $\frac{1}{\mu_{0}}\int\int_{\partial \mathrm{Z}}(-(B\mathrm{x}n)\cdot\nabla \mathrm{x}(r^{n}\mathrm{Y}_{nm}r)+(B\cdot n)(n+1)r^{n}\mathrm{Y}_{nm})dS$ (32)
. (30) (32) , MEG .
$n=m$
$\sum_{k=1}^{N}m_{k}S_{k}^{m-1}$ $=$ $\gamma_{m}$ , $(m\geq 1)$ (33)
. $S_{k}$ 3 $xy$ ,.
$m_{k}=|p_{k}\mathrm{x}r_{k}]_{x+iy}$ (34)
17
$xy$ . - , $\partial\Sigma$
$\gamma_{m}$
$\equiv$ $\frac{1}{i\mu_{0}}\int\int_{\partial\Sigma}(B\mathrm{x}S^{m-1}-iB\frac{m+1}{m}S^{m})\cdot ndS$ , (35)




$r_{\Omega}=10$ cm, $r\mathrm{z}=12$ cm , $\partial\Sigma$ – $148\mathrm{c}\mathrm{h}$ . ,
$(r, \theta, \phi)=$ ( $8$ cm, 70 $\mathrm{d}\mathrm{e}\mathrm{g},$ $165\deg$), ( $8$ cm, 70 $\mathrm{d}\mathrm{e}\mathrm{g},$ $195\deg$) ( ) .
10 $\mathrm{n}\mathrm{A}\mathrm{m}$ , , $r=8$ cm ,
. 14 $\mathrm{f}\mathrm{r}$ (SNR$=11\mathrm{d}\mathrm{B}$).
Huang [7] .
$\mathrm{D}\mathrm{i}\mathrm{p}\mathrm{o}\mathrm{l}\cdot \mathfrak{n}$ umbor
1: . $N=4$ 3 4 1,2
, $N=2$ . SNR$=11\mathrm{d}\mathrm{B}$ .
, $N=4$ Fig 1 . 3




Fig 2 (10 ) . $8\mathrm{m}\mathrm{m}$




. , MEG ,
, .
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